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ABSTRACT 
BEGINNINGWITH THE HISTORICAL basis of today’s scientific information 
explosion, this article examines the changing paradigm of information 
retrieval. The shift from the point of view of the codifiers of information 
to that of the end users is brought into focus. Four key technologies are 
examined: telecommunications, optical media, data conversion tech- 
nologies, and expert systems. Each is described technically and evalu- 
ated for its importance and potential applications. The conclusions 
highlight the ways in which libraries and information resource centers 
can employ these new technologies to increase their ability to respond to 
users and to the scientific community as a whole. 
INTRODUCTION 
It is more of a job to interpret the interpretations than to interpret the things, 
and there are more books about books than about any other subject. (de 
Montaigne, 1595, p.  13) 
For hundreds of years, complaints have been voiced about the need 
for handling the information overload. And for almost as long, solu- 
tions have been put forth to solve the problems. Each solution brings its 
own set of new problems. Information technologies, such as the print- 
ing press, the photocopier, and, to some extent, the computer, have 
added to, rather than relieved, this knowledge glut. Witness for example 
the extent to which computers have brought about the “paperless 
office.” In fact, their introduction into offices has dramatically 
increased the amount of paper used. 
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In the 1990sa different set of potential solutions will emerge. Newer 
and better low-cost technologies will offer alternative methods for deal- 
ing with information. Managers of information service programs will 
be concerned with how to automate rather than whether to automate. 
Even small information centers will be able to contain and manage 
massive amounts of information. Optical storage media like CD-ROM 
(Compact Disc-Read Only Memory) will allow even the smallest infor- 
mation center to offer significant holdings; and data conversion tech- 
nologies will offer cost-effective management of highly specialized 
and/or unpublished literature-literature which might otherwise go 
uncataloged or be relegated to storage. 
Optical storage media can contain huge amounts of information in 
a tiny space. To find any of this information is rather like trying to find a 
needle in a haystack. Just as a library is more than a warehouse for 
books, a CD-ROM must contain more than raw information. A data 
structure must be created and supported in software to organize the data. 
Procedures must be provided to deal with updates to the information. 
And, ideally, assistance should be available to the user to answer ques- 
tions about the information and to help when searching through it. 
Unlike a physical library, a CD-ROM by itself contains no visual cues or 
physical organization to help a na’ive user. 
In themselves, optical media create as many potential problems as 
they do solutions. At the moment, however, there is great hope. Devel- 
opments in software and telecommunication technologies offer the 
missing links that the optical technologies require to be effective. Hard- 
ware and software components in development right now could be the 
major information innovation of the twentieth century. They could, in 
fact, be the most important advance in information technology since the 
introduction of the printing press. 
Hardware and software alone cannot produce major break- 
throughs in the management of information. Changes in procedures, 
methods, and techniques are required as well. An important aspect of 
the changes that are occurring in the science of information manage- 
ment is the transfer of control and responsibility to the end users. This 
transfer of power is not unlike the transfer which occurred when users 
switched from large centralized computers to personal computers. 
APPROACH 
The observations presented in this article are based on technologies 
in use or under development at International Agricultural Research 
Centers (IARCs), the National Agricultural Library (NAL), CAB Inter- 
national (CABI), the World Bank, and in particular the centers of the 
Consultative Group on International Agricultural Research (CGIAR). 
CGIAR is an international consortium sponsored by the Food and 
Agriculture Organization [FAO] of the United Nations, the World 
Bank, and the United Nations Development Programme [UNDP]. Its 
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mandate is to support research programs aimed at improving the quan- 
tity and quality of food production in developing nations. These pro- 
grams are carried out by thirteen autonomous international 
agricultural research centers located in Colombia, Ethiopia, India, 
Italy, Ivory Coast, Kenya, Mexico, the Netherlands, Nigeria, Peru, the 
Philippines, Syria, and the United States. Each center, in turn, has 
experimental stations and regional offices totaling over 100 remote sites 
in over 60 countries. 
Based on the activities of these institutions, four key technologies 
have been identified as particularly important. Four is certainly no 
magic number, but this group will serve as a useful continuum for 
discussing the “here and now” to the more distant future. The first key 
technology is telecommunication, a technology which is certainly 
growing rapidly, but which is readily available and widely used. The 
second is optical media including CD-ROM. The value of optical media 
technology has been proven, many applications have been identified, 
and high rates of growth in its use are expected. Data conversion 
technologies are the third key area of discussion. Major experiments and 
demonstration projects are underway. The fourth area of discussion is 
expert systems and artificial intelligence. These hold great promise but 
are still mainly in the laboratory and are the subject of primarily 
academic experimentation. 
For each of the technologies discussed-telecommunication, opti-
cal media, data conversion technologies, and expert systems-this arti-
cle includes a brief technical description of “how it works,” an 
explanation of its importance, a description of the applications for 
which the technology is suited, and real-world examples of its use in 
agricultural applications. When appropriate, “lessons learned” are 
discussed. The content of the article i s  keyed to the current state of 
development of each technology. For telecommunication and optical 
media, the material presented is more detailed and contains specific 
“how to” information. For data conversion technologies, an area with 
no standards and few agreed upon formats, the discussion is more 
general. For expert systems, the descriptions reflect the state of the art 
and are largely academic. 
This article also briefly examines the historical basis of the infor- 
mation explosion. The changing paradigm-moving from dealing 
with information from the codifiers’ point of view to the end users’ 
point of view-is explored. 
The article concludes with recommendations of how libraries and 
information resource centers can exploit the new technologies to 
increase responsiveness to users and to the scientific community. 
BACKGROUND 
Concerns for the handling of information have been heard since the 
beginning of the scientific revolution. The seventeenth century wit- 
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nessed the rise of scientific societies and publications for “monitoring 
and digesting the learned publications that were too much for one man 
to cope with” (Price, 1963, p. 15). Sir Humphrey Davy was throwing 
away his books in the eighteenth century because no  man could ever 
have time to read the same book twice. The  nineteenth century saw the 
rise of specialized journals and abstracts. The  twentieth century fol- 
lowed the general theme of information overload, but important devel- 
opments began to occur around the time of World War I1 . 
In 1938 H.  G. Wells wrote World Bruin in which he outlined a plan 
for a “World Encyclopedia”: 
A row of volumes in his own home (in which the average riti/en would) 
without any great toil or difficulty, find in clear understandable language, and 
be kept u p  to date, the ruling concepts of our social order, the outlines and 
main particulars in all fields of knowledge, an  exact and detailed picture of our 
universe, a general history of the world ....And next let us takr this World 
Encyclopedia from the point of view of the specialist ....Tohim even more than 
to the common intelligent man World Encyclopedia is going to be of value 
because it isgoing toafford himanintelligiblestatement ofwhat is beingdone 
by workers parallel with himself. (pp. 19, 24) 
Wells’s plan reflected the view that to utilize information one must 
codify and store it. In 1945, Vannevar Bush presented an  article which 
emphasized the need for better means of access to information: 
There is a growing mountain of research, but there is increased evidrnce that 
we are being bogged down today as specialization extends. Thc  investigator is 
staggered by the findings and conclusions which he cannot find time tograsp, 
much less to remember as they appear ...the means we use for threading 
through the consequent maze to the momentarily important item is thr same 
as it was in the days of the square-rigged ships. (p.  101) 
Bush anticipated the needs of scientists in dealing with informa- 
tion overload and proposed that computer systems be developed which 
would be tailored to the needs of users. Soon after the publication of 
Bush’s article, studies of information use began to appear in the docu- 
mentation literature. Since then, several thousand studies have been 
undertaken and comprehensive reviews of these can be found in such 
sources as Shaw (1956), Taube (1959), Menzel (1960), Crawford (1978), 
Lindsey (1979), and others. 
The literature of user behavior and the use of information systems 
strongly support the following point: the end user perspective is critical 
in managing the impact of the new technologies. The  technologies 
which can finally provide the solution to Bush’s posed problem are at 
hand and are ready for application. 
TELECOMMUNICATIONAND HE FLOW 
OF AGRICULTURALCOMMUNICATION 
Agricultural research cannot function without extensive use of 
communication. Rapid, reliable, and economical communication in 
the form of electronic mail and data transfer is in place at most of the 
IARCs via a data communication facility which has come to be called 
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the CGNET. (The term CGNET was originally used as the name of the 
electronic mail facility which interconnects members of the CGIAR. 
The CGNET is now a private organization which connects fifty inter-
national institutions in forty-five countries.) This network began as a 
feasibility study funded by the International Development Research 
Centre (IDRC) in 1983. It has evolved to become a self-sustaining, 
operational network. Centers currently transfer messages, documents, 
data, and computer files throughout the world. At the same time, the 
system saves its members about $1 million per year. These savings are 
accomplished by displacing more costly technologies such as telex, 
telefacsimile, and courier. A telex or telefacsimile can cost twenty-five 
times as much as an electronic message. 
The CGNET is not primarily a physical network, although the 
links to some centers have required special attention when good com- 
munication cannot be maintained using conventional methods. For 
example, the International Institute for Tropical Agriculture (IITA) in 
Ibadan, Nigeria, installed a digital microwave link and leased telephone 
lines to provide a reliable connection to the international communica- 
tion system. IITA is currently evaluating satellite earth stations. The 
International Rice Research Institute (IRRI) in Los Banos, Philippines, 
has established a digital microwave link to Manila which dramatically 
improves voice and data capability. A satellite earth station is currently 
being used at the International Irrigation Management Institute (IIMI) 
in Sri Lanka. In general, however, CGNET relies on network facilities 
provided by international record carriers, domestic data network ser- 
vices, and facilities of a particular country’s Public Switched Tele- 
phone Network (PSTN). The electronic services are provided by 
computers in the United States, in the United Kingdom, and Canada. 
When inbound access tocenter computers is available, the international 
centers are able to provide additional services directly from their loca- 
tions. The Centro Internacional de Mejoramiento de Maiz y Trigo 
(CIMMYT) in Mexico has already established such international access, 
and its computers are used daily from the United States and Peru. IRRI’s 
computer is expected to be internationally accessible in 1990. 
Worldwide, several additional networks provide linkages to over 
2,000 information centers and universities. Notable examples include 
BITNET (United States), EARN (Europe), NETNORTH (Canada), 
and JUNET (Japan). A complete description, including technical 
details and addressing protocols of these and some twenty additional 
networks, can be found in Quarterman and Hoskins (1986). 
Electronic Mail and Computer-Based Messaging Systems 
Computer-based messaging systems (CBMS) began as simple pro- 
grams used to exchange short messages. The messages were typically 
between users who were sharing the same central computer system. As 
computer networks became more prevalent in the late 1960s and 1970s, 
FRIERSON & LINDSEYICOMPUTERS AND COMMUNICATION 479 
these message systems were expanded to allow users of different compu- 
ters to send messages to one another. This was accomplished by desig- 
nating one computer as a “depot” for messages and giving each user a 
collection of files, or “mailbox,” on the depot computer. Any user could 
deposit messages in the mailbox of any other user, and all users were 
obligated to remove messages from their own mailboxes. With time, the 
programs were refined to inform users when mail was ready for pick-up, 
and to provide many other information services. Eventually these 
CBMS mailbox systems came to be called electronic mail, or e-mail 
systems. 
Electronic mail facilities usually consist of large-scale computers 
accessed either through local data networks or through direct telephone 
dial-in. As a result, countries without a local data network may, through 
a telephone line and modem, connect to the electronic mail computers 
in another country and participate in sending and receiving mail. 
When individuals “log on” to an account-i.e., provide a valid 
account name and security code-they are automatically informed as to 
whether they have received any mail. They can then request to read 
mail, to send mail to other users, to forward messages, anNor to reply to 
messages. Users have numerous options available, including sending 
messages to a single user or to many users at once; sending a message to a 
predesignated list of users; requesting an automatic acknowledgment 
when the recipient has read the mail; sending a message as a telegram; 
and sending a message to a telex or telefacsimile machine. These last 
options are important because they allow communication to others who 
do not have access to the electronic mail service. Electronic mail users 
can also access a number of database services including airline sche- 
dules, news wire services, and agricultural forecasts. 
The equipment used to access electronic mail services usually 
consists of a microcomputer, a communication software package, and a 
modem. The modem provides the connection between the telephone 
line and the computer, and the communication software allows the 
computer to interact with the modem. Access is also possible directly 
from an organization’s mainframe computers, as is done at CIMMYT, 
the World Bank, and the International Crops Research Institute for the 
Semi-Arid Tropics (ICRISAT) in India. 
The Value of CBMS 
Since electronic mail makes more efficient use of communication 
media than do conventional services such as telex, use of electronic mail 
can generate significant cost savings. Of course the cost of the service 
depends on how much it is used; but most users realize a significant 
reduction in total cost. 
Electronic mail can also improve the quality of communications. 
Since electronic mail is less expensive than conventional services, users 
tend to explain themselves more fully and correspond more frequently. 
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Many matters that might have been discussed only in a letter, or not at 
all, can be reviewed economically in an electronic mail message. The  
benefits of this faster and more frequent communication cannot be 
easily translated into specific monetary amounts. The  ability to make 
better and more timely decisions, for example, can be profoundly 
important yet difficult to quantify. The effect of more frequent contact 
on the morale of staff working in a remote location is also important but 
hard to measure. 
Electronic mail provides other benefits as well. As opposed to telex, 
documents arrive in machine-readable form so they can be immediately 
used on local word processing equipment. Documents that have already 
been entered on a computer or word processor can be immediately 
transferred via the network without rekeying. The  lower cost allows 
documents that normally would be sent by mail or courier to be sent 
instantly and economically. Many centers find that there are a few 
reports or proposals every year for which such instant transfer is 
invaluable. 
Technological Improuements in C B M S  
Data communication-the movement of information between 
computers-is the technology behind the growth of CBMS. It is an  
extremely dynamic field, and one that is the focus of investment pro- 
grams in many countries. Some of the important developments that are 
on the horizon are discussed later. 
Znternetworking and X.400.  Many organizations run internal CBMS 
services to provide internal electronic messaging and data sharing. For 
example, ICRISAT and CIMMYT use minicomputers to collect and 
instantly distribute intracampus mail, and the World Bank runs several 
different message services to connect its many employees. A natural 
improvement to such facilities is to tie the CGNET and these internal 
networks together so that mail can flow automatically from the per- 
sonal computer of, say, a soil scientist in Hyderabad, India, to the 
personal computer of a counterpart in another center or in a university. 
These desk-to-desk transfers make possible a much quicker and more 
immediate kind of communication than is possible when messages go 
through a message office. 
ICRISAT and CIMMYT have developed special purpose programs 
that accomplish this link to the CGNET. The  World Bank uses com- 
mercially purchased programs to make the link. In the last few years, the 
CCITT (Consultative Committee for International Telegraph and Tel- 
ephone) has developed a world standard for internetworking, called 
"X.400." X.400 programs are now available so that a wide variety of 
computers and networks can link directly to the CGNET. It is expected 
that these X.400 links will be especially important as personal compu- 
ters are linked into local area networks. 
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I m p o u e d  International Access. In all the industrialized countries and 
many developing ones, the CGNET (and other computer services) can 
be reached with a telephone call and an account with a local telecom- 
munications company. This  type of international data network is 
expanding. In the last three years, many countries in Latin America and 
Southeast Asia have established data network access. Recently, Egypt 
and India have formed such a service; in the next two or three years 
several countries in Africa also will offer it. Of the countries that have 
established these services, many have reduced their rates (e.g., some 
network providers in the Philippines cut their rates last year by 50 
percent). Meanwhile, the existing data network locations have been 
improved. Some now have Eacilities that allow billing of the communi- 
cations costs from different international access points directly to a 
user’s home account. The  user is not required to a have a local account 
in each of the international locations. This arrangement is ideal for 
travelers. It is also helpful for new CGNET users and for users who need 
a backup facility. Sometimes it is less costly to use the U.S. home 
account for billing rather than use the facilities of a particular country. 
Better Modems.  For those without a local data network, an  intercontin- 
ental telephone call is required to connect to the network. The  quality of 
this connection can be a problem, but there are now alternatives which 
can overcome these technical difficulties. This  has become easier in 
recent years with the introduction of higher speed, error-correcting 
modems, and recently introduced modems and operating standards 
promise even higher speeds and better immunity to line noise. 
Direct Satellite L inks ,  and Packet Radio .  These unconventional tech- 
nologies allow connections to be made by radio in locations that do not 
have a telephone. Packet radio systems add special circuitry to ordinary 
two-way radios to allow the reliable transfer of computer data. They are 
inexpensive but can be difficult to operate. Satellite-based systems are 
easier to use and work over greater distances but are more expensive. 
Both of these technologies are limited at present by restrictive govern- 
ment regulations in manycountries. Eventually, they can be expected to 
play an important role in filling gaps in conventional telephone 
networks. 
N e w  Services. Recently, it has become possible for network users to send 
messages by telefacsimile from their accounts, much as they already can 
send electronic mail and telexes. For many users, this allows communi- 
cation to more off-network locations, usually at a lower cost than if an  
ordinary telefacsimile machine was used. This  has been especially valu- 
able for locations that do  not have the funds or the telephone lines that 
would be necessary for installation of an  ordinary telefacsimile 
machine. 
As technology progresses, information centers and libraries will 
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continue to see improvements in CBMS service offerings. Judging from 
past experience, they can be expected to adopt these improvements 
incrementally as appropriate to their needs and abilities to absorb the 
new technology. 
MANAGING WITH OPTICAL TECHNOLOGIESDATA 	 STORAGE 
Over the last five years, the advent of optical storage technologies 
has quickly changed perceptions of how much and what kinds of data 
can be made available at reasonable cost on a distributed basis. Optical 
storage technologies can be used in association with individual or 
networked personal computers as well as larger computers. Develop- 
ment of the physical storage medium itself appears to be more advanced 
than developments of techniques for data conversion and for software to 
support the physical media. 
Technical Description of Optical Storage Technology 
Optical storage technology is also sometimes called laser storage 
technology because lasers are used to encode data onto a photosensitive 
disc surface. The three most common techniques used to record data are 
bubble-forming, phase-changing, and pitting. Bubble-forming is used 
only with Write Once Read Many (WORM) technology; the laser heats 
the physical storage medium, causing a bubble to form. In phase- 
changing the laser heats the medium and thereby changes its 
reflectivity. 
In pitting, the laser burns holes or pits in the medium. The pits 
represent information in electronic form. On the most commonly used 
medium, optical discs, data are stored in tracks that are laid out either in 
one continuous spiral or in concentric circles separated into sectors. 
Data are read off such discs with a disc reader which shines a laser onto 
the disc. The disc reflects light and the reader interprets the different 
patterns of reflection from the pits and spaces between pits (called 
lands). 
Data can be recorded on optical storage media in either analog or 
digital formats, so named because analog or digital signals are used to 
transmit the data. An analog signal resembles a wave. It is a continuous 
signal, commonly used for television transmission. A digital format 
stores information in the same on/off electrical pulses used for compu- 
ters. For computer handling, analog data must be converted into a 
digital format. Analog storage is used most often for motion pictures 
and other graphic information. Digital storage is most often used for 
data, scanned images, and text. Both analog and digital data can be 
stored on some types of optical storage media. 
Optical storage media are of great interest because of the following 
advantages over other types of storage media: 
1. 	They provide very high-density storage. For example, one 12 inch 
optical disc can store the equivalent of 5,000-10,000 microfiche; 
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200,000-400,000 pages of text; 25,000-50,000 pictures; or 40 reels of 
magnetic computer tape. 
2. 	Some types are very inexpensive to reproduce. For example, Compact 
Disc-Read Only Memory (CD-ROM) discs can be reproduced in large 
quantities for as little as $2 per disc. 
3. Some types, such as CD-ROM, are extremely durable. 

4, All are impervious to disturbances caused by electromagnetic fields. 

5. 	Most are easily portable. 
6. They can be easily connected to personal computers. 
There are three categories of optical storage media: 
1. 	 Read Only  Memory ( R O M ) .  These discs cannot be altered once they 
are manufactured. The data set is transferred from the user’s original 
medium (usually a hard disc) onto a nine track tape. The tape is then 
sent to a mastering plant where the data are transferred onto a glass 
master disc using lasers. Finally, durable read only compact discs are 
replicated from the glass master at a low per unit cost. 
2. 	Write-Once-Read-Many ( W O R M ) .  Data are recorded to the media 
directly by the end user at a workstation. The data cannot be changed 
or erased after recording, but data can be added until the disc is full. 
Large organizations use WORM media to distribute large data sets. 
3. 	Erasable media, also sometimes called write-many media. Erasable 
discs, erasable storage cartridges, and digital paper or “paper tape” 
are very new products and should still be considered experimental. 
Erasable media are similar to WORM media in that they are also 
produced at the user’s workstation. However, they can be changed 
after data are recorded. 
Within these three categories, new types of media are constantly 
being developed. Some major types of available optical storage media 
are digital videodiscs (also called laserdiscs or laser videodiscs), Com- 
pact Disc-Audio (CD-Audio), CD-ROM, WORM discs, WORM car- 
tridges, and lasercards (also called optical cards). An excellent analysis 
by Eaton, MacDonald, and Saule (1989)describes these newer media in 
some detail. This article focuses on CD-ROM, WORM, and digital 
videodisc as the optical technologies most likely to be of interest to 
information services providers in the near future. 
CD-R0M Technology 
CD-ROM technology has revolutionized the provision of data to 
libraries and end users (Paisley, 1989).It is the only commonlyavailable 
optical storage medium for which there are standards for disc and 
hardware production. Producers and publishers of all kinds of informa-
tion have been challenged by a rapidly increasing market. Tremendous 
economies of scale are possible. Because the technology is based on that 
used to produce musical compact discs, a very popular technology, 
acceptance has been easier than for more unfamiliar optical storage 
media. 
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CD-ROM discs are currently used mainly for access to databases, 
full-text materials, and images. However, as proposed standards are 
accepted, multimedia discs will be developed that combine data, audio, 
and graphic materials into exciting products that can now only be 
imagined. 
At present, CD-ROM is most useful when applications meet the 
following criteria: 
1. The overriding requirement is data dissemination. 
2. 	The data set is in digital form. 
3. 	The data set is stable and updates can be periodic. 
4. 	The budget available for information dissemination is limited. 
5. 	The equipment available to end users is based on standard personal 
computers. 
Agricultural Applications of CD-ROM Technology 
The agricultural sector has pioneered a number of CD-ROM appli- 
cations. In particular, agricultural institutions are playing a leading 
role in the use of CD-ROM for information dissemination in develop- 
ing countries where there are large information gaps because of limited 
access to externally produced information. NAL, CAB International, 
the Technical Centre for Agricultural and Rural Cooperation (CTA) in 
the Netherlands, and the CGIAR centers and secretariat are among the 
institutions that have produced or sponsored important CD-ROM pro- 
jects (Dellere, 1987; Kinney, 1986; Technical Centre for Agricultural 
and Rural Cooperation, 1987; Treitz, 1987). 
The NAL AGRICOLA database was one of the first to be commer- 
cially available on CD-ROM. Two AGRICOLA products, produced by 
Silverplatter Information, Inc. and OCLC (Online Computer Library 
Center, Inc.), are available worldwide. Because AGRICOLA tapes are 
relatively inexpensive as U.S.government public domain information, 
more AGRICOLA CD-ROM products are also being developed. 
Quanta Press will release an AGRICOLA product in Fall-Winter 1990. 
In addition to the AGRICOLA CD-ROMs, NAL has taken a leader- 
ship role in the exploration of CD-ROM use for the preservation and 
dissemination of full-text and image documents. The National Agricul- 
tural Text Digitizing Project (NATDP), as described by Andrk, et al. 
(1989), is a major cooperative project of forty-six U.S.land-grant univer- 
sities and NAL. It is testing solutions for conversion of full-text and 
image data, search software, and telecommunications transfer of data 
from CD-ROMs. 
Dextre Clarke (1989) described one of the earliest agricultural CD- 
ROM experiments by CAB International. A sample of the CABZ 
Abstracts database was put onto a CD-ROM and evaluated in a diverse 
set of international locations. It was a pioneeringeffort to provide access 
to essential agricultural information in developing countries and has 
produced important evaluation data for those interested in similar 
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work. Users expressed enthusiasm even though the MicroBasis software 
was very slow. 
Within the CGIAR, the Centro Internacional de Majoramiento de 
Maize y Trigo (CIMMYT) in Mexico, also known as the International 
Maize and Wheat Improvement Center, produced a pioneering CD- 
ROM for plant breeders. It contains CIMMYT’s maize germplasm 
database and is intended for scientists as well as information centers. 
Both the CABI and CIMMYT projects were implemented with 
partial funding from CTA. CTA is now funding a pilot project to 
provide CD-ROM workstations and a collection of agricultural CD- 
ROMs in eleven developing countries (“CTA and KIT Cooperate,” 
1989). 
The CGIAR secretariat has been working on its CGIAR Preserva- 
tion and Dissemination Project since 1986. Funded by the World Bank, 
IDRC, the United Nations Development Programme (UNDP), the 
Rockefeller Foundation, and the governments of Italy and the United 
Kingdom, this project seeks to establish a continuing program for 
publication on CD-ROM of the major literature produced by twenty 
IARCs. Aspen Systems Corporation (1987) and Frierson (1987) provide 
technical details on the project. A prototype disc, Food, Agriculture, 
and Science, has been produced and is being evaluated through the 
NATDP in the United States and through the secretariat in about forty 
sites outside the United States. 
CABI, the Food and Agriculture Organization of the United 
Nations (FAO), NAL, the Royal Tropical Institute, the French govern- 
ment, the International Food Information Service (IFIS), the CGIAR 
secretariat, and others interested in the production of CD-ROM pro- 
ducts for agriculture have formed a working group on CD-ROM. The 
group has been meeting since 1988 to exchange information on projects 
and has worked to standardize training, equipment, and other aspects of 
CD-ROM production to minimize confusion for end users and to reduce 
duplication of effort. 
So far most of the CD-ROM work in agriculture has been led by 
libraries and other information services providers putting bibliogra- 
phic and similar databases on CD-ROM. There is great potential for 
production and distribution of CD-ROMs containing other types of 
specialized agricultural databases such as: germplasm information, 
crop protection and quarantine data, directories, economic and statisti- 
cal data, geographic and agro-ecological information, and administra- 
tive information. 
W O R M  Storage Media 
Write-Once-Read-Many (WORM) technology allows a user at a 
workstation to store up  to 800 megabytes of data onto a 5.25 inch 
cartridge. Most manufacturers, including DEC, Sony, and Laserdrive, 
use the method of having the WORM drive emulate a standard hard disk 
486 LIBRARY TRENDS/WINTER 1990 
drive through software. This allows the user to utilize ordinary software 
to store data on the drive. Access speeds for WORM drives are 150-250 
milliseconds. These speeds fall between those of typical hard disk drives 
(15-40 milliseconds) and CD-ROM drives (350-750 milliseconds). 
WORM drives are reliable (typical rating of one uncorrectable error per 
every 1 trillion bits of information) and durable. Sony rates the media 
life expectancy of their WORM drive at 100 years. 
WORM media are most appropriate for applications meeting the 
following criteria: 
1. When the number of copies to be distributed is limited. 
2. When data need fairly frequent updating. 
3. When nonstandard or proprietary equipment is available for end- 
users. 
Because WORM media can be produced locally and data continu- 
ously added, they are very useful for localized projects. However, since 
there is little standardization of equipment, discs, or cartridges, infor- 
mation producers must be careful when using WORM technology to 
make sure that data needed for the long term can be transferred from the 
WORM medium if a better or more standard technology appears. Pro- 
ducers also must be aware that WORM discs and cartridges have failed, 
and that a backup facility always should be part of a WORM-based 
system. 
WORM technology currently is used for data preparation and 
premastering for CD-ROMs. It is expected that such use will continue 
and that WORM technology will be used to fill the gap between central- 
ized large computer systems and small groups of users who need current 
information but cannot be connected to the central computer. For 
example, major computer equipment manufacturers such as IBM, 
Wang, and Philips are developing WORM-based systems for records 
management and archival applications. Until facilities for mastering 
and copying CD-ROM discs are more widespread and CD-ROM pro- 
duction cycle delays are reduced, WORM technology is more appropri- 
ate for such situations. 
Digital Videodisc 
Digital videodiscs, also called laserdiscs or laser videodiscs, can 
hold much more information than CD-ROMs and are being used for 
multimedia applications, particularly for education and training. As 
with WORM technology, there is no current standardization of disc 
format or equipment, and discs cannot be interchanged among different 
equipment. If the proposed Compact Disc-Interactive (CD-I) or CD- 
ROM Digital Video Interactive (CD-ROM DVI) standards are deve- 
loped and accepted by manufacturers, CD-ROM may replace digital 
videodiscs for which no standardization appears imminent. 
The NAL has also pioneered the use of digital videodiscs. In 
addition to its production of the Pork Industry Handbook disc (Andrk 
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1985, 1986), NAL has recently produced a very effective interactive 
training tool for AGRICOLA searchers called AGRICOLearn (see 
National Agricultural Library, 1988). 
DATACONVERSIONTECHNOLOGY 
Computers have become smaller, more portable, and much faster. 
With these technological advances have come increasing demands for 
access to large amounts of data that could not be handled by older 
machines. In libraries and information centers, most of these data are 
still available only as printed information. The challenge now is to 
convert printed information into electronic data. 
In agriculture, materials that could be useful in electronic form 
include handwritten journals of botanists and scientists, drawings, 
photographs, slides, maps, statistical data, and printed publications in 
various languages and alphabets. Access to information contained in 
these materials has traditionally been through secondary methods such 
as indexes, abstracts, and catalog records. Having access to the full text 
has been difficult because manual data entry and human editing were 
too expensive and time consuming. 
Now scanning technology offers intriguing possibilities for 
machine conversion of this information into electronic forms suitable 
for searching, retrieval, and manipulation. Scanners are currently sold 
for prices ranging from a few hundred dollars to several hundred thou- 
sand dollars. 
Scanners are available for accurate conversion of black and white 
and color images, at varying levels of resolution, for a full range of 
prices. Several are reasonably priced and perform at acceptable levels of 
speed. Reasonably priced color printers are also coming onto the 
market. However, despite vendor claims to the contrary, very few text 
scanners can achieve 100 percent accuracy at a reasonable rate of speed 
unless the original text is in one language, printed clearly, and in a 
fairly simple format without fuzzy characters, letters touching one 
another, subscripts, superscripts, formulas, and other difficult to con-
vert characters. Tabular data are a particular challenge. T o  achieve 
perfectly accurate electronic text data, data created by scanning must 
normally be revised and edited. Revision and editing times and costs 
may be so high that keying would be less expensive and time 
consuming. 
The NAL sponsored a conference on the application of scanning 
methodologies in libraries in late 1988. Summarizing the experiences 
reported by speakers, Hayes (1989) concluded that if scanning produced 
lower than 95 percent accuracy, keying would be less expensive and 
faster. Hayes also reported that, with the possible exception of proprie-
tary techniques used by Optiram, Inc. in the United Kingdom, there was 
no interactive system that effectively interfaced scanning with the deci- 
sion processes that were required to undertake the scanning task. Andre, 
et al. (1989), reporting on the National Agricultural Text Digitizing 
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Project, provided specific information on the challenges of text digitiza- 
tion. Cahan (1989) also analyzes the wide variety of available scanners, 
providing comparisons of speed, price, and performance. 
Conversion costs and the potential uses of converted materials 
should help determine how materials should be converted and stored. 
There are three types of conversions that have been used in the last few 
years for agricultural materials: 
1. printed or handwritten alphanumeric data into ASCII (American 
Standard Code for Information Interchange) data; 
2. 	printed or handwritten alphanumeric data into databases with fixed 
fields or into ASCII data with special delimiters or “tags”; and 
3.  	printed or handwritten alphanumeric data and printed or hand 
drawn images into bit-mapped images. 
Each type of conversion has special requirements, and in many 
conversion projects all of these options are possible. For each option, 
this article identifies current agricultural projects from which impor- 
tant lessons are being learned about choices, methods, costs, and usesof 
“newly electronic” data. 
Conuersion of Alphanumeric Data 
For this discussion, alphanumeric data will include data recorded 
as numbers and letters in text and tables but not as integral parts of 
graphics such as photographs and charts. Of the formats developed for 
recording alphanumeric characters electronically, the ASCII format is 
by far the most common. In this article it is assumed that the ASCII 
format is the one that most libraries, information services, and end users 
will want to use. 
While a few high-end scanners currently are able to convert good 
quality printed text into ASCII files with acceptable accuracy, it will be 
two or three years before scanners that can handle more complex mate- 
rials will be on the market at reasonable prices. During this period, 
keying will be less expensive than scanning and editing. This is particu- 
larly true when the data are sent to countries where labor is available at a 
low cost-e.g., India, the Philippines, and some Caribbean countries. 
Since the end product of‘this first type of conversion is a continuous 
file with no special coding or tagging to differentiate data elements, the 
data may be difficult to use in certain ways. For example, in converting 
printed publications with elaborate page layouts (including such fea- 
tures as different type fonts, multiple columns, and artistic spacing) an 
undifferentiated ASCII file may not be adequate for display or printing 
purposes. If this is the case, then the next type of conversion should be 
considered. 
Conuersion of Alphanumeric Data into Fielded 
or Tagged ASCII Data 
If the situation is not conducive toconverting full-text information 
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into ASCII files by electronic means, then converting the same kind of 
information into tagged or fielded ASCII data is virtually impossible. 
However, in some cases, tags or fields are a necessity. Some reasons are: 
1. 	to label or delimit particular types of full-text information. It may be 
useful to know where the title page begins, where chapter headings 
are, or that a particular string of characters represents the caption of a 
photograph; 
2. 	to make tabular data useful. It may be useful to separate a table 
heading, footnote, or caption from the data; and 
3. 	to recreate the “look and feel” of the printed text on screen or through 
reprinting. If ASCIIdata are not fielded or tagged, a carefully laid out 
publication may become an undifferentiated text file. It may be 
important to preserve artistic and editorial decisions for better pre- 
sentation of the information. 
Weibel, et al. (1989) illustrate some of the challenges inherent in 
using scanning to convert printed materials into tagged databases. They 
also discuss the Standard Generalized Markup Language (SGML), a 
standard for marking up materials for electronic publishing. SGML 
codes can be useful when it is desirable to display or print text to 
resemble a printed version. However, scanners that can read in printed 
pages andconvert them into ASCII text encoded with SGMLdescriptors 
are neither widespread nor priced at a level that will permit large-scale 
purchases. 
Conversion of Alphanumeric Data and Printed or 
Hand-Drawn Images Into Bit-Mapped Images 
Bit-mapped images are electronic pictures of data that are pro- 
duced by scanners which identify patterns and shades of color. Once 
scanned, bit-mapped images can be edited to remove imperfections 
present in the original, and, when printed, can produce a clearer copy 
than the source material. However, the content of bit-mapped images 
cannot be searched. Additional identifying information must be added 
to scanned images so they may be retrieved. The information can refer to 
a set of images (e.g., an entire publication) or to each separate image to 
be stored (e.g., every photograph in a collection or every figure in a 
book). 
Stored images also require much more storage space than ASCII 
text. How much storage is required depends on the density of the 
original image, whether color preservation is required, the level of 
resolution at which images are scanned, how much grey scale is present, 
whether the converted images are compressed before storage, and which 
of several image storage formats is used. Other factors also affect storage 
requirements. Walker (1989) provides an excellent summary of issues 
involved in converting documents into bit-mapped images. 
A major difference between image conversion and alphanumeric 
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data conversion is that, while there is a common format for alphanu- 
meric data (the ASCII format), there are several formats used for the 
storage of electronic image data. In addition to proprietary formats 
which can be manipulated and stored only with particular equipment 
and software, there are more universal formats such as the international 
standards of the Consultative Committee on the International Tele- 
graph and Telephone (CCITT). CCITT Group 3 and Group 4 stand-
ards are encoding formats created for telefacsimile transmissions. These 
standards involve digital data compression and are generally imple- 
mented in telefacsimile machine hardware. TIFF (Tag Image File For- 
mat) is another family of formats commonly used for digital image files 
on microcomputers. Header information in the file identifies the data 
encoding and compression scheme used for the image. 
Adoption of a standard format would be of benefit to producers and 
users of optical media, but, as is usually the case before standardization 
of a technology, there are opposing viewpoints about which format will 
provide the best standard. One benefit of the CCITT standard would be 
the ability to utilize existing telecommunication facilities and equip- 
ment for the transmission of images. 
Photographs and other graphics must be stored as scanned images. 
In some cases, i t  is beneficial to store alphanumeric information also as 
images. Reasons to do this may include: 
1. 	the conversion of pages of alphanumeric data into bit-mapped 
images can be much less expensive than conversion into ASCII 
characters. 
2. 	A non-Roman character set (Arabic, Japanese, Chinese) may not be 
useful in ASCII or represented in ASCII. 
3. 	It may be important to preserve a precise replica of printed or hand- 
written information for legal reasons or because the source document 
cannot be preserved any other way. 
4. The publisher or copyright holder of the material may not grant 
permission to provide access to an ASCII version. 
5. 	Tables may be too wide or too complex to convert and display with 
available software or equipment. 
Considering and choosing among options for converting data can 
be a complex task. The cost of conversion into a standard image format 
or SGML coded text file, for example, can be high. However, unless i t  
can be anticipated that the data will always and only be used in the same 
system, the best conversion investment will be one that converts infor- 
mation into a standard format that will allow data to be stored and 
transferred among many information systems. 
The advent of optical storage technologies has very quickly 
changed perceptions of how much and what kinds of data can be made 
available at reasonable cost to end users with personal computers and 
through storage devices in a network environment. Development of the 
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storage technology has raced ahead of the software and data conversion 
technology. Standards for data creation and transfer have become very 
important, not just for bibliographic data-the traditional product of 
libraries and information services-but also for numeric and image 
data. While scanning technologies offer some hope, data conversion is 
still quite expensive. 
EXPERTSYSTEMS 
An outgrowth of artificial intelligence research, expert systems 
have begun to find commercial application in a few industries in recent 
years. Expert systems are computer programs that attempt to model the 
mental processes of an expert. They were originally developed as part of 
artificial intelligence (AI) research in the late 1970s and early 1980s. A1 
researchers soon moved on to more difficult problems, but they left 
behind tools for programming solutions to difficult real life problems. 
While still promoted as a type of AI, expert systems also can be viewed as 
simply another type of programming technology, addressing problems 
that were nearly intractable in other programming systems. 
References to expert systems in use at libraries are few. Hanfman 
(1989) describes AquaRef, an  expert advisory system for reference sup- 
port in aquaculture. Waters (1986) presents Answerman, an expert 
system for retrieval of information from library reference books. Expert 
systems in reference services are described by Roysdon and White (1989). 
Within the general field of agriculture, expert systems have been deve- 
loped in many content areas. Notable examples include apple orchard 
management (Roach, et al., 1988) and tractor repair (Gaultney et al., 
1989). 
From a practical viewpoint, the main reason for understanding 
expert systems is heuristic. Information managers and providers need to 
keep u p  to date on developments and watch for opportunities. The next 
discussion presents a brief overview. 
A Definition 
Expert systems are computer programs that make inferences and 
draw conclusions from statements supplied by a user. They are pro- 
grammed to reproduce the reasoning, background facts and assump- 
tions, short-cuts, and rules of thumb that human experts use when 
solving problems. In fact, most expert systems are programmed in close 
consultation with one or more human experts, and the program is 
meant to model them explicitly. 
The narrower and simpler the range of problems, the more likely 
an expert system will be successful in solving them. Some of theearliest 
expert systems were produced in the field of chemistry. DENDRAL, for 
example, was created in the 1960s at Stanford University to determine 
the topological structure of unknown compounds from mass spectral 
nuclear magnetic resonance data (Waterman, 1986). The input data 
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were as quantitative and definite as possible; the rules of thumb were 
well known and rather well documented; and little knowledge of the 
outside world was required to do a proper job. 
Since that time, a great deal of progress has been made. Expert 
systems have been developed and sold commercially for financial analy- 
sis, engineering design, and database inquiry. These systems usually 
converse with the user in ordinary unstructured English and can 
explain the inferences they make. In the case of analysis and design, the 
inferences made by the system serve as a check and a “back stop” to the 
judgments made by the analyst or engineer. For database inquiry sys- 
tems, inferences can make the database much easier to use. Acasual user 
may not be familiar with the details of a database’s contents and organi- 
zation, but an expert system can readily organize and reason about 
something as limited and well defined as a database. The expert system 
can help the user quickly find the most relevant data, both by suggesting 
restrictions for too broad an inquiry, and helping broaden one which is 
too narrow. In this case, the expert system is modeling a database or 
library expert. 
Components  of a n  Expert System 
As with any new area of science, the expert system has been charac- 
terized in many ways. Among the generally agreed-upon components 
which may be of interest to information center managers are: 
1. 	Knowledge Base. This contains facts and rules about particular 
problem areas called domains. The rules and facts come from a 
human expert. 
2. Inference Engine. The knowledge base interacts with an inference 
engine which processes rules methodically. For example, the infer- 
ence engine will perform forward chaining-i.e., reasoning from a 
set of data to a conclusion. Alternatively, it can do backward 
chaining-i.e., reasoning from a set of hypotheses to see if any sets of 
data can help prove the hypotheses. 
3. 	User Interface. This allows the human operator (user) access to the 
system through “natural” language. This is an  extremely important 
feature because the user does not have to be a computer expert to work 
with the system. In addition, the system can ask the user for more 
information. The explanation facility is an important part of the 
user interface. If the user cannot understand why the system is asking 
for particular information, he or she can ask why. The user can also 
ask why the program did not follow particular lines of reasoning in 
reaching conclusions. 
Uses of Expert Systems 
Based on the categorization of Hayes-Roth et al. (1983) and Water- 
man (1986), expert systems can be classified into nine categories: 
1. Interpretation. Expert systems that perform interpretation use input 
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data toinfer situation descriptions. For example, statistical data from 
crop trials are interpreted to determine if crops are responding to a 
particular treatment. 
2. 	Prediction. Expert systems that perform prediction infer likely con- 
sequences of given actions, such as predicting damage to sorghum 
crops from some type of pest like the shoot fly. An authentic example 
of an  expert system that does prediction is PLANTIcd (Michalski et 
al., 1982), which predicts Black Cutworm damage. 
3.  	Diagnosis. Expert systems that perform diagnosis use symptoms to 
infer probable causes of problems. For example, using knowledge 
about disease symptoms and plant environment, an expert system 
could be devised to provide consultation on the diagnosis of crop 
disease. 
4. 	Design. Expert systems that produce designs operate by developing 
configurationsof objects based on a set of problem constraints. This  
type of expert system can be applied to agricuItura1 research to 
produce, for example, newly designed cultivated varieties of crops 
that are not only resistant to several pests and diseases but that can 
also withstand harsh environments. By designing plants with the 
desired configuration and evaluating them in the context of problem 
constraints, this could substitute for searches for naturally occurring 
plants with these properties. A popular area for expert system design 
is molecular biology. 
5.  	Planning. Expert systems that perform planning functions design an  
entire course of action before proceeding-e.g., creating a plan for a 
new building or a remote research facility. 
6. Monitoring. Expert systems that perform monitoring functions 
compare actual behavior with system behavior. For example, an  
expert system might monitor environmental conditions in semi-arid 
areas where water is scarce to determine when to irrigate. An expert 
system of this type is useful for water management. 
7 .  Repair. Expert systems that perform repairs follow a plan to admin-
ister some prescribed remedy. An example is an expert system that 
suggests courses of action to take when a microcomputer is not 
operating. 
8. Instruction. Expert systems that perform instruction engage in such 
tasks, for example, as specialized computer-aided instruction 
systems. 
9. 	Control. Expert systems can perform control functions and adap- 
tively govern overall system behavior. Examples would include 
expert systems for water management or systems which monitor and 
regulate growing conditions in greenhouses. 
T h e  Value of Expert Systems in Information Center Management 
In the short term, expert systems are likely to find use in agriculture 
in the following roles: 
1. 	To make data resources more accessible. With an  expert system 
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interface, databases and bibliographies become easier and faster to 
use. Resources that might never have been consulted at all can now be 
used by an individual without waiting for the assistance of someone 
who knows the data. This becomes especially important as CD- 
ROMs and other technologies make much more information 
available. 
2. 	To support the delegation of work to less senior staff. In the course of 
an analysis or an experimental design, a junior staff member may 
need the help of someone with more experience. Heishe may be able 
to go farther before asking for assistance if an expert system is 
available. This may be especially useful in statistical analyses where 
the expert system would act as an artificial “statistician’s assistant.” 
This “assistant” could give advice to junior staff (or offer a critique as 
a double check for more senior staff) that would save time, whilealso 
freeing time for the human statistician, who could then concentrate 
on more difficult problems. The end result would be better quality 
experimental designs and analyses. 
3. 	To support training. Since expert systems explain their reasoning as 
they go along, they can assist in teaching a line of reasoning. The 
sheer repetitive effect of seeing the reasoning consistently applied 
across a number of cases can support a student’s ordinary course of 
training. In this application, the expert system can be thought of as a 
kind of simulation program-i.e., simulating the behavior of an 
expert in approaching a problem. 
4. To support national research efforts. The tools that serve Interna- 
tional Agricultural Research Center researchers can also serve the 
National Agricultural Research System (NARS) researcher. IARC 
expert systems may require further refinement before being released 
for general use in the NARS, but the prospect of disseminating 
expertise in automatic and interactive form is full of promise. This is 
doubly the case when combined with CD-ROM dissemination of 
databases. An expert system interface can make the CD-ROM infor- 
mation easier to use and more relevant to a user’s needs. 
The addition of expert systems to CD-ROM databases deserves 
special attention. Although most retrieval systems are adequate and 
produce a manageable data set for the user, an expert systems interface 
can help derive the subset which is most appropriate to the user’s needs. 
By modeling the knowledge of a world expert in the field, one can 
reduce the search space in a short time period and in an intelligent 
manner. For example, the first question asked by a maize germplasm 
expert system may be “At what altitude would you like to grow your 
maize?” Suppose the user answers 500 meters. The retrieval system, 
which knows that growing conditions do not vary significantly between 
a range of perhaps 450-550 meters elevation, will immediately reduce 
the searchable set to those trials run within those altitudes. Two or three 
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questions later, not only will the data set be at a manageable size, but the 
available choices will represent the presence of expert knowledge in the 
field. 
CD-ROMs containing specialized databases may provide an excel- 
lent medium for piloting and ultimately distributing expert systems 
software. The use of expert systems may provide agricultural specialists 
a unique opportunity to disseminate more than their data. 
In summary, expert systems provide a means todevise tools that can 
assist agricultural specialists and can fill a unique role in the communi- 
cation and dissemination of agricultural information. In the short term, 
exploratory efforts are likely to reveal some useful applications. In the 
longer term, expert systems programming and publication will become 
commonplace in information centers and libraries. 
CONCLUSION 
Libraries and information centers can benefit from each of the 
technologies discussed in this article. Computer-based messaging sys- 
tems and electronic messaging are in place in many institutions. For 
those without such facilities, immediate action should be taken for their 
provision. For those with electronic facilities in place, attempts should 
be made to fully exploit the potential of the technologies. Electronic 
mail offers the ability to improve service to users and, at the same time, 
reduce costs. 
Optical media and CD-ROM are in a rapid growth phase and 
information centers need to budget for the hardware and software that 
will allow them to provide these media to their users. In providing 
CD-ROM capabilities, user needs require particular attention. Many 
libraries now provide online searching via a trained intermediary. With 
CD-ROM players attached to personal computers, users will be able 
(and will expect) to access databases themselves. Thus new procedures 
and methods will be needed. 
Scanning technologies are an area ripe for experimentation with 
good potential for external funding. Projects are needed which are well 
controlled and adequately evaluated. It is important that the results of 
these projects be demonstrable and widely disseminated. 
Expert systems, especially those which offer advice to library users, 
are a promising area which should be carefully monitored. Information 
center managers should be conversant in the terminology of expert sys- 
tems and should keep abreast of current offerings. A few innovative ex- 
periments are underway and the results of these deserve careful scrutiny. 
The technologies of the 1990s afford unprecedented opportunity 
for management, storage, and dissemination of information. Informa- 
tion centers have a very real potential to increase dramatically the value 
of their role in their organizations and to increase service to their users, 
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